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Validation of the Grassi Block Substitution Test
for Measuring Brain Pathology
By

MICHAEL HIRT

INTRODUCTION

The human brain is most vulnerable from two sources of damage: external trauma and chemical reactions. We now recognize
and distinguish two types of symptoms following brain damage:
neurological and psychological. In this study emphasis will be
placed upon the psychological behavior of the individual. This
is justified with the understanding that the psychological behavior
will reflect to some extent the neurological changes which might
have occurred in the brain. Furthermore, the concern in this
study is with that part of behavior which is evoked whenever
there is organic involvement and to which it is possible to apply
accepted p.sychornetric techniques.
Although the nature and the extent of the damage to the brain
as well as the previous personality of the individual are both
highly influt>ntial on the behavior changes which follow brain
damage, numerous gl'neral patterns of behavior can he safrly expected in most cases of damage. These an· ( 1, 2):
1. Decrease in the effectivenes;; of intellectual functions; encompassing memory. judgment, and comprehension.
2. General emotional oversensitivity.: joy or sorrow being aroused
with minor provocation.
::;_ Disappearance of behavior and conduct restraints; careless
personal habits, and loss of interest in occupation and family.
4. Sensorimotor disturbances: these having a variety of neurological manifestations such as aphasia, paralysis, and incoordination.
One of the outstanding symptoms demonstrated by organic
patients, depending. of course, upon the location and extent of
the lesion, is the loss of ability to function at the abstract level.
A normal subject is capable of utilizing both the concrete and
abstract approach in solving a problem, whereas the damaged
or otherwise impaired subjects have difficulty in using all but the
concrete approach. These abstract responses are among the
first affected. It has therefore become necessary to develop sensitive psychological tests which will aid in detecting intellectual
defects due to organic involvement. If organic pathology can
be detected early, it is often possible to arrest the ensuing deterioration. The need for such tests is most acute with the realization that neurological and laboratory symptoms of organic
627
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defects are observable only in the later stages of development
of these disorders.
Yates ( 4) has made an excellent evaluation of the psychological tests of brain damage available.
METHOD

The subjects used in this
the Clarinda State Hospital,
Hospital, Woodward, Iowa,
final investigation contained
from 16 to 78 years.
The clinical classification

study were selected from patients in
Clarinda, Iowa, the Woodward State
hospital personnel, and others. The
data from 120 cases, ranging in age
of the subj<"cts is given in Table l.
Table 1

Classification of Subjects
Diagnosis

Number

Organic
Cerebral arteriosclerosis
Juvenile paresis
Alcoholic deterioration
Lobotomy
Deteriorated schizophrenia
Mentally deficient
Lues, meningo-encephalitic
Epilepsy, Grand Mal
Chronic Brain Syndrome

4

2
4
1
8
6

2
6
7
Sub-total: 40

Functional
Manic-depressive
Simple schizophrenia
Paranoid schizophrenia
Epilepsy, nondeteriorated
Catatonic schizophrenia
Paranoid
Hebephrenic schizophrenia
Chronic Brain Syndrome, nondeteriorated
Undifferentiated schizophrenia
Schizophrenic-affective

7
5
5
6
4
3
5
2
2
1

Sub-total: 80
Normal

40
Total: 120

The author had no knowledge of a patient's diagnosis prior to
testing the patient.
The patients and normal subjects included in the study were
selected from intelligence levels ranging from moron to very superior. The only limitation imposed upon the selection of' sub-
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jects was the effort to use normal subjects whose age was com
parable to that of the patient population.
Every clinical study suffers from the limitations of uncertain
diagnosis. Furthermore, the most serious consideration in a validation study are the criterion and the sample used. Therefore,
the value this study might have is greatly dependent upon the
accuracy of the initial separation of organic from nonorganic
patients.
It is the opinion of the author that the patients used in this
study were correctly diagnosed. Each patient was screened by a
psychiatrist and a clinical psychologist. Following this independent
mental screening, the patient was presented to the entire staff.
If there was not unanimous agreement as to the diagnosis of any
patient, he was submitted to an extensive battery of tests by the
psychology department. This procedure is by no means considered
a guarantee of correct diagnosis. But, on the other hand, the best
available tests in the hands of competent and experienced hospital
personnel still remains the most practical and accurate method
of classifying patients.
The subjects obtained at the Woodward State Hospital were
not exposed to such rigorous examination. However, since these
patients were either mentally deficient, epileptic, or paretic, and
since the psychological and neurological tests for such disorders
are highly reliable and valid, there is little reason to question
their diagnosis.
The Grassi Block Substitution Test consists of a ~et of colored
cubes very similar to the Kohs blocks. Each of the blocks has one
side painted yellow, one white, one red, one blue, one red and
white, and one yellow and blue, the latter two sides being equally
divided in a diagonal manner. Each of the 24 cubes in the test
is identical in size, color and color relationships. It is very important that all of the clubes be identical to the most minute detail.
This consideration is necessary not only to allow the subject the
possibility of completing all of the designs, but also to avoid confusing organic patients who are often unable to overlook slight
color and hue differences.
The subject works with four cubes. With these he is to reproduce either parts of, or the complete, stimulus design presented
him by the administrator of the test.
The Grassi test consists of five designs. Each design is reproduced at four levels of increasing complexity. The simple concrete
level requires the subject to reproduce only the top of the stimulus
design; the simple abstract level requires the subject to again
reproduce only the top of the stimulus design, but using different
colors. The complex concrete level requires the subject to reproduce the entire stimulus design; while the complex abstract level
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requires the subject to use different colors in reproducing the
entire stimulus design.
Since the Grassi test measures the ability to function at the
abstract level, and since the ability to abstract is influenced by
intelligence, the author considered it pertinent to make some effort at equating the organic, functional, and normal elements in
regard to this factor. Accordingly, measures of intelligence were
obtained for all the subjects.
A point biserial correlation was computed between the scores
obtained on the Grassi test and the hospital's classification of
brain damage or non brain damage. A Pearson product-moment
correlation between Grassi test scores and intelligence was also
obtained. This was done for each level of intelligence. Consequently, there was a correlation coefficient for the high, medium,
and low group of intelligence. These three correlations were converted to Fisher's Z scores and then averaged. Also computed
was a point triserial correlation between intelligence and test
score. This was done as a means of better understanding the effects of intelligence upon Grassi test score. A point biserial correlation was computed between the classification of subjects and
intelligence. Having obtained these three correlations; Grassi test
score vs. classification, Grassi test score vs. intelligence and classification vs. intelligence, it was possible to compute a partial correlation between hospital classification and Grassi test score with
the linear effects of intelligence removed.
In addition to intelligence, the author considered it pertinent
to investigate any possible effects age or sex differences might
have on the performance of any given subject. Accordingly, age
was correlated with Grassi test score, and a t test was computed
between the mean test scores of the male and female subjects.
RESULTS

Of the 40 normal control subjects, all of them without brain
damage, not one received a score below 20. Of the subjects with
known organic pathology, not one scored above 16.
The normals made the greatest number of errors at the complex abstract level. This same pattern of errors seems to repeat
itself in the functional group, although there is also a marked
increase in the number of errors made on the simple abstract
level of the more complicated designs. The deterioration accompanying brain damage is exemplified to its fullest extent in the
organic group. Abstract behavior, which is one of the first functions affected, is most noticeably absent in the performance of
the organic subjects. Accordingly, they committed the largest
number of errors at the simple abstract and complex abstract
levels.
The correlation between Grassi test score and classification is
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.853. The correlation between intelligence and classification is
.484. The correlation between intelligence and Grassi test score,
when computed for the whole sample, is .532. The correlation
between Grassi test score and classification for the high group of
intelligence is .00 since no one assigned to this group had brain
damage. In the group of medium intelligence, the Grassi test score
correlated with classification .829. The Grassi test score correlates
.863 with classification in the group of low intelligence. The Z
scores for these correlations are .00, 1.19, and 1.22 respectively.
The average Z score is .80 which is approximately equivalent to a
correlation of .66.
Since intelligence test scores alone appear to predict brain damage to a considerable extent, the partial correlation of Grassi test
score and classification was computed. This was found to be
.803. In other words, even when "controlling" for intelligence,
the Grassi score still predicts substantially the clinical classifications here studied.
To further control for extraneous variables, a t test between
the means of the male and female subjects as well as the correlation coefficient between age and Grassi test score was computed. The former was found to be 1.646 and the latter -.176.
Neither of these is significant at the .05 level of confidence.
DrscussroN
A subject's diagnosis should be made on the basis of an analysis
of his test score, behavior, and intellectual level. Disregarding
any one of these factors will tend to lower the reliability and validity of the diagnosis. If a subject is classified on the basis of test
score alone, the clinician might easily be misled as to the patient's
actual level of performance. For example, a score of 18.0 would
not be considered indicative of impairment in an individual of
borderline intelligence. On the other hand, a score of 18.0, if
obtained by a subject of superior intelligence, would be strongly
suggestive of moderate impairment. Also worthy of consideration
is the fact that, a score of 12.0 for a subject of superior intelligence is indicative of more extensive organic deterioration than
the same score for a dull subject.
The influence of total intelligence on total test score is very important. The Grassi test measures the ability to abstract, a component of behavior which is, in fact, a measure of intelligence in
itself. This was borne out by the high correlation between intelligence level and Grassi test score. The author was of the opinion that this correlation might be spurious. To evaluate this possibility, the Grassi test score was correlated individually with each
level of intelligence. If the original point triserial between test
score and intelligence was spurious, then the average of the cor-
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relations between test score and each level of intelligence would
bring this out. The results indicate, however, that the correlation
coefficient computed between test score and intelligence is relatively
valid and it is therefore justified to assume that intelligence is a
determining factor in the total test score for any given individual.
By the same token, it is necessary to know to what extent intelligence
influences the test score. It was with this question in mind that the
partial correlation between Grassi test score and clinical classification, with the linear effects of intelligence removed, was computed.
The high correlation obtained indicates that the Grassi Block Substitution Test in a valid test for the detection or organic brain
pathology.
One of the most glaring inadequacies of the Grassi test seems
to be its incomplete separation of patients diagnosed as functional
from those diagnosed as organic. One would expect that if an individual had no brain damage, his score should be in the normal
range, that is to say, he should score 20.0 or above.
There are several reasons which might explain why the results
of this study were not in accordance with such a strict separation.
First, most of the functional patients had received electro-shock
therapy at some time during their hospitalization. The total amount
of shock received \ aricd greatly among the patients. \Vi th our limited knowledge of the effects of electro-shock upon the brain, it is
altogether possible that the functional patients included in this
study were brain damaged to a relatively small degree. In the
second place, many of the functional patients were in poor contact
with their environment. It is impossible to estimate correctly by how
many points the scores of these patients were lowered, but it is
certain that their psychotic preoccupations were a handicap to
them in test performance. Finally, the validity of the Grassi test
rests on the accuracy of the diagnosis of the patients on which it
was standardized and evaluated. The procedure of diagnosing the
patients used in this study has been discussed previously. All that
can he said is that every precaution and consideration was explored
to assure proper assignment of the patients to the organic or functional group. However, it is highly probable that some of the
patients were either misclassified or not completely diagnosed.
An effort was made to control the variables of age and sex.
Practical considerations, however, made it impossible to match
the functional, normal, and organic groups completely. Although
the range of ages for the three groups was not identical, the mean
ages were within two years of one another. The correlation between
age and Grassi test score was not reliably significant; neither was the
t test between the mean scores for the male and female subjects.
In conclusion, Grassi (3, p. 61), using the test-retest method,
reported a reliability coefficient of .85 for the Grassi test. Since the
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validity of the Grassi test was found to be so high, it was considered
adequate to accept the reliability reported by Grassi.
CONCLUSIONS

From the data obtained in this study, the following conclusions
can be drawn:
1. Organic pathology manifests itself as impairment of abstract
ability, both at the simple and complex level. In very advanced
deterioration there is additional impairment of complex concrete
ability and occasionally mild impairment of simple concrete ability.
2. Non-deteriorated patients reveal no significant degree of impairment as measured by the Grassi Block Substitution Test. Although occasional failures occur at the complex abstract level,
these are not greatly in excess of those found in normal subjects.
3. Age docs not contribute to the total Grassi test score to a
statistically significant degree.
4. Although intelligence contributed to the prediction of brain
damage to a statistically significant degree, the prediction of the
Grassi test when the effects of intelligence have been removed is
.803.
5. Sex differences are not significant in their influence on
Grassi score.
6. The subjective scoring criteria utilized in this study were not
evaluated statistically but indicated that organic patients required
frequent repetition of instructions, frequent reassurance and were
often unable to recognize their errors.
7. On the basis of the data obtained, it seems that the Grassi
Block Substitution Test is a reliable and valid instrument for detecting the presence and measuring the extent of organic brain pathology.
References
1. Cameron, N. The psychologv of behavior disorders. New York: Houghton Mifflin Co., 194 7.
2. Coleman, J. Abnormal psychology and modern life. New York: Scott,
Foresman and Co., 1950.
3. Grassi, J. R. The grassi block substitution test for measuring organic
brain pathology. Springfield, Ill.: Charles C. Thomas, 1953.
4. Yates, A. J. The validity of some psychological test of brain damage.
Psycho!. Bull., 1954, 51, 359-377.
DEPARTMENT OF PSYCHOLOGY
IowA STATE COLLEGE

Al.\ms,

IowA

Published by UNI ScholarWorks, 1956

7

